Between 1987 and 2000, we observed retrospectively a series of five cases of surgically treated sinus of Valsalva aneurysms (SVAs) at the Department of Cardiovascular Surgery, Atatürk University, Erzurum, Turkey. The mean age of the five patients was 32.6 years (range, 18 -48 years). Three were male and two were female. Aneurysms originated from the right coronary sinus in four patients, and from the non-coronary sinus in one. Three aneurysms fistulized to the right ventricle, one to the right atrium and the last, originating from the right coronary sinus, was non-ruptured. Two aortic insufficiencies, two ventricular septal defects, one patent ductus arteriosus and one left ventricular outlet obstruction were found as concomitant lesions. All cases were symptomatic. Ruptured SVAs were repaired by double approach involving both the chamber and aortic root. There was no late mortality either in the hospital or during the follow-up period (mean 40.4 months, range 13 -66 months). No patient required re-operation.
Introduction
Defined in 1840, sinus of Valsalva aneurysms (SVAs) or fistulas were first operated on in 1956, although they are rarely seen. They are usually congenital, but can be acquired. 1, 2 Congenital SVAs are generally thin-walled, tubular and narrow sacculated. Frequently located at the right coronary sinus, they are found less frequently at the non-coronary sinus and rarely at the left coronary sinus. Because of their low pressure, SVAs cause aortocardiac fistulas by rupturing mainly into the right heart space (atrium and ventricle) and less frequently into the left. Almost 20% of aneurysms are non-ruptured and are diagnosed during surgery or autopsy. 2 Acquired SVAs, which are a result of infection, degeneration or trauma, are more diffused, and usually grow outwards and into the pericardial cavity. They frequently involve the aorta ascendens and a great part of the sinus. 2, 3 In the present study, we aimed to evaluate the effects of surgical repair on quality of life (duration plus absence of symptoms) in a series of five patients with SVAs.
Patients and methods
All patients were admitted to the cardiology clinic of Atatürk University Medical School, Erzurum, Turkey, and after diagnosis, transferred to the cardiovascular clinic for surgery. Patients presented with symptoms of sudden chest pain, dyspnoea, fatigue and/or palpitations, and were investigated with both echocardiography and angiography.
PATIENT ONE
A 30-year-old male patient was admitted with complaints of sudden chest pain, fatigue and dyspnoea (New York Heart Association [NYHA] Class III [marked limitation of physical activity]) ( Table 1) . T negativity and 1 mm ST-segment depression in the aVL lead and V 4 -V 5 -V 6 were diagnosed with electrocardiography. Expansion in the right coronary sinus was observed using cardiac catheterization. The patient underwent open-heart surgery. Hypothermia (28°C), was induced, and crystalloid cardioplegic arrest was applied. A total cardiopulmonary bypass was performed by sternotomy, and aortic and bicaval venous cannulation. Following aortotomy and right ventriculotomy, a Dacron patch was used to close the right coronary sinus aneurysm.
No post-operative complication developed, and control echocardiography confirmed that the aneurysm sac was closed. The patient was asymptomatic after 5.5 years.
PATIENT TWO
A 48-year-old male patient was admitted with chest pain and dyspnoea (NYHA Class III). The patient had a permanent endocardial pacemaker because of an atrioventricular block 3 years earlier. There were systolic murmurs at 2/6 intensity at the left sternal edge and at 2/6 intensity at the 458 A Ates¸, I . Yekeler, A Özyazıcıoglu et al. diastolic aorta focus. Teleradiography showed cardiomegaly. There was dilatation of the right coronary sinus, and echocardiography and cardiac catheterization showed aortic insufficiency (AI) with an intensity of 3 (Fig. 1 ). The patient underwent open-heart surgery, using the same method as was employed in patient one. Aortotomy showed that the leaflets were thickened and fibrocalcified. A huge 'windsock' was observed to the non-ruptured aneurysm, reaching to the back wall of interventricular septum by compressing the outlet of the left ventricle originating from the right coronary sinus ( Table 1 ). The aneurysmal sac was filled with biological glue, and the aneurysm cavity was closed with a patch. The aortic valve was replaced with a mechanical one. No post-operative complication developed, and control echocardiography showed that the aneurysm was closed completely. The patient was asymptomatic after 3.5 years.
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PATIENT THREE
A 46-year-old female patient was admitted to the cardiology clinic with complaints of chest pain, dyspnoea and palpitations (NYHA Class III). There was systolic-diastolic murmur with 4/6 intensity at the mesocardiac focus. Electrocardiography showed T negativity in the aVL lead and V 2 -V 3 segments. Right SVA, ventricle septal defect (VSD) and AI of fourth intensity were found with echocardiography and catheterization ( Table 1 ). The aortic leaflets were thickened and fibrocalcified. An SVA originating from the right coronary sinus and opening into the right ventricle, and a supracrystal-type VSD were observed. Both were closed with patches, and mechanical valve replacement was performed in the aorta. No post-operative complication developed. It was observed, with control echocardiography, that the aneurysm was closed, mechanical valve function was good and there was no VSD. The patient was asymptomatic after 1.75 years.
PATIENT FOUR
A 21-year-old female patient was admitted with complaints of chest pain and dyspnoea (NYHA Class III). A systolic murmur with 4/6 intensity at the mesocardiac focus and T negativity in V 2 -V 4 segments were identified with echocardiography. Echocardiography and catheterization showed that aneurysm expansion at the non-coronary sinus had caused fistulization into the right atrium ( Table 1 ). The patient underwent open-heart surgery. At aortotomy and right atriotomy, she appeared to have an SVA opening into the right atrium and originating from the non-coronary sinus. The aneurysmal sac was removed and the defect was closed with a Dacron patch (Fig. 2) . No post-operative complication occurred. Control echocardiography confirmed that the aneurysm was completely closed. The patient was asymptomatic after 1.1 year. (Table 1) . He had a systolic-diastolic murmur with 4/6 intensity at the mesocardiac focus. Cardiomegaly and increased pulmonary vascularity were observed using teleradiography. Heart rate was 75 beats per min. Electrocardiography showed T negativity in V 1 -V 3 segments and incomplete right bundle branch block. An SVA opening into the right ventricle, patent ductus arteriosus (PDA) and VSD were found with echocardiography ( Fig.  3) and cardiac catheterization. The patient underwent the same open-heart surgery procedure as patient one. PDA was ligated before cross clamping, and the aneurysmal sac and VSD were then closed with a patch.
PATIENT FIVE
There was no post-operative complication. The SVA, PDA and VSD were observed to be completely closed in control echocardiography. The patient was asymptomatic after 4 years.
Discussion
Acquired SVA heart lesions are rare, and are caused by cardiopulmonary bypass used in open-heart operations with a reported frequency of 0.14 -1.50%. 3 Chu et al. 3 also state that this anomaly is seen with these lesions in 3.5% of all patients undergoing open-heart surgery whose condition is due to congenital heart disease. Clinical symptoms of patients with SVA vary, from minimal AI to congestive heart failure. 4 According to the classification of Taguchi et al., 5 three aneurysms were type I (from left of right aortic sinus to right ventricular outflow tract; one was type I only, one was type I together with VSD, and the third was type I with VSD and PDA), one was type III (from right of right aortic sinus to atrioventricular part of right atrium) and one type IV (from right half of non-coronary sinus to atrioventricular part of right atrium). Although Doppler echocardiography has an important diagnostic role, angiography should be performed to provide full localization, detect the origin of the lesion, identify the heart space into which the fistula opens and search for any additional cardiac lesions. 6 Most frequently, SVAs originate from right coronary sinus; they are less common from the non-coronary sinus, and least common from the left coronary sinus. 4, 7 Aneurysm rupture occurs towards the right ventricle (70%) and the right atrium (25%), and towards the left ventricle, left atrium and extracardiac regions (pulmonary artery, pericardium, vena cava superior, pleura, thoracic wall and a combination of these) in the 
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remainder of cases. 3, 8 Ruptures are either a result of infective endocarditis or load pressure. Ruptures usually occur in patients during the third and fourth decades of life, at a mean age of 31.2 years. 9 After rupture, the patients die within 1 -3.9 years. In our study, rupture occurred at a mean age of 28.75 years (range, 18 -48 years).
Care must therefore be taken to diagnose SVA accurately. Death is usually due to congestive heart failure and, rarely, bacterial endocarditis. 9 In one case presented here, rupture occurred towards the right atrium. In another, there was no rupture, and ruptures towards the right ventricle occurred in the other three cases. The reported incidence ratio of VSD is between 34.6% and 59.0%. 3, 7, 9 In the cases included here, four had subarterial VSD and one had peri-membranous VSD. 7 VSD was found in addition to SVA in two patients.
In patients with SVA, AI was common. The AI ratio was 20.0 -41.9% in cases of nonruptured aneurysms. 1, 3, 8 Subarterial VSD is also a predisposing factor for AI. 8 In the five cases described here, AI existed in two cases, and VSD together with AI was present in one case. SVAs can occasionally be found alongside other cardiac congenital anomalies, such as pulmonary arterial stenosis, atrial septal defect, bicuspid aorta valve, tetralogy of Fallot, PDA, aorta coarctation, subaortic stenosis and coronary artery anomaly. 1, 3 Patient five had SVA, PDA and VSD. Williams and Williams 10 identified cases in which the left ventricle outlet was affected. In one case, AI, together with a huge SVA, was seen to compress the outflow of the left ventricle. Surgical mortality in various SVA case series with added cardiac lesion or rupture is reported to be 0 -8%. 8 To repair SVA, some authorities suggest closing it with a patch using aortotomy, others suggest closing both aortotomy and the related cardiac space together (double approach). 8, 11, 12 With this method, the risk of recurrent fistula is very low. 7 Except for the case in which biological glue was used, the double-approach method was applied in all cases.
Although the number of cases considered here is small, we have shown that patients with SVA can have a normal quality of life following restorative surgery with appropriate techniques. 
